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SUMMARY

1. Subject

0 Dynamics and predictability study of mid-latitude blocking for

wintertime seasonal prediction

[\

. Objectives and necessities of the study

o Objectives

- Understand the governing dynamics of midlatitude blocking that
affects extreme weather events over Korea peninsula during winter

- Develop basic technical application of dynamic model to understand
extreme climate variability and enhance predictability based on

blocking—cold surge relationship

o Necessities

- Recently, the paradigm for the understanding of wintertime cold
surge dynamics in East Asia and Korean peninsula is changing,
previous studies have focused on surface variability such as
expansion/contraction of the Siberian high and have also understood
the short periodic fluctuation(3 days cold and 4 days warm) of the
cold surge dynamics, but recent studies have shown the
mechanisms by which the upper—level systems(polar vortex, 500 hPa
blocking, stationary waves) induce winter monsoon changes, and its
longer variability (more than a week to a month)

- This change in the research paradigm is attributable to structural
changes in the dynamic system due to climate change, but many
researchers have revealed factors that have been neglected in the

understanding of cold surges in East Asia

- Xiv -



- However, most of these studies have been sporadically published in
international journals, and in Korea, there have been no research
project developments in the use of these results in terms of
improving the wintertime seasonal prediction. It is required to
develop research project reflecting the tendency of recent dynamic
studies in order to obtain the causes and predictability of winter

temperature variability changes

3. Outcome of the study

(1) Understanding of Cold Surge Generation and Mid-latitude
Blocking Relevance

0  Collection of midlatitude regional cold surge cases and its
characteristic comparison

- Conditional linear regression and Arctic Sea Surface Temperature
restoring model test confirmed whether the Arctic warming
strengthens the cold surge in North America and Arctic warming
changes the path of Rossby wave and forms a favorable condition

for the stronger cold surge development in the North America

0 Comparison analysis of forcing characteristics of blocking-cold
surge in the North American and East Asia

- The effect of Arctic warming on the midlatitude Rossby wave
paths was confirmed by analyzing the fluctuation of the strom
track, the position of the storm track shifted south and it acts as
transient vorcitly forcing in the case of positive PDO and Arctic
warming conditions

- When strong region of storm track anomalies were inserted to
vorticity forcing in the year of positive PDO and Arctic warming,

the wave train patterns was very similar to the observed and

- XV —



GFDL-CM2.1 model results

(2) Understanding of Cold Surge Generation Dynamics through
Polar Vortex Analysis 1

0 Analysis of polar vortex characteristics in association with cold
surge outbreak

- Using long-term reanalysis data, WACE pattern is intrinsic internal
mode by natural variability, and 1is not forced mode by
anthropogenic factors

- Composite analysis reveals that cold surge related Ural blocking
occurs due to different atmospheric modes(AO or WACE) each year

- In the strong years of negative AO and positive WACE pattern,

cold surge lasts longer than climatology

0 Analysis of Eurasian blocking-tropopause folding relationship

- When the negative AO is strong, the influence of low-level cold
advection is strong with the intensified Siberian high

- expansion of Siberian high, which 1s dominated by the upper
vorticity advection, is evident when the wave train pattern was
propagated from the North Atlantic and lower stratosphere shows a

positive AO pattern

(3) Analysis of Blocking Simulation using Numerical Model

o Evaluation of numerical model performance on atmospheric
blocking

- Evaluate how the blocking is simulated using Hindcast data of
GloSea5 data provided by KMA

- The blocking climatology for each ensemble member shows a more

improved distribution than the average of all ensembles
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o Evaluation of numerical model performance on cold surge related
to blocking

- CAMS3 model showed that the atmospheric response to Arctic sea
ice reduction was cold anomaly distribution in warm air and Siberia
centered on the Kara-Barents Sea, very similar to the WACE
pattern

- In addition to the arctic warming caused by the decrease in sea ice,
the formation of upper anticyclonic anomaly and the development of
East Asia trough are optimal conditions for the occurrence of Ural

Blocking

o Study on Optimal Initial Condition Ensemble Generation for
Mid-latitude Blocking Prediction

- According to the number of ensemble members (39, 79, 159), the
distribution of Probability Density Function of WACE index due to

sea Iice reduction was changed

(4) Understanding of Cold Surge Generation Dynamics through
Polar Vortex Analysis 2

o Analysis of Siberian High-tropopause folding relationship

- The interdecadal wvariability of Ural blocking frequency is highly
correlated with the long-term wvariation of the circulation pattern
represented by the second EOF (EV2) of the North Atlantic 300
hPa meridional wind (V300)

- The EV2 mode shows the wvariation of averaged atmospheric
baroclinicity and storm track distribution, and the difference in
transient eddy vorticity flux affects the average phase frequency of

the Rossby wave developed in this region.

O© Analysis of atmospheric upper-lower interaction using polar vortex
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reversal
- there i1s a difference in duration of Siberian high development
according to the two circulation structures(BO, NAO)
- When the circulation field related to the development of the
Siberian High is BO-like patten, it is characterized by stronger

stratospheric circulation

o Diagnosis of 2015/16 to 2016/17 boreal winters cold surge events

- The Northern Hemisphere blocking frequency in the mid-winter
2015/16 was the highest in the Ural region at 15.3%, which is
significantly different from the northern blocking climatology
distribution

- In the winter of 2015/16, the surface air temperature showed a high
temperature phenomenon of over 5 T including the Chuchi River
and the Kara / Barents Sea, and a strong cold anomaly signal
appeared in North America, Kazakhstan / Iran and East Siberia,
Warm Arctic-Cold Continents pattern due to typical Arctic warming

- The Warm Arctic-Cold Continents pattern 1s closely related to Ural
Blocking, and it is known that when Ural blocking occurs, there is
usually a cold wave in East Asia including Siberia, but the case of

2015/16 did not

(5) Analysis of Boundary Condition Impacts on Blocking
Development and Variability of Extreme Climate Events

o Analysis of the blocking due to external forcing

- When external forcing were applied with different dynamic cores
(finite volume method, spectroscopic element method), the blocking
overestimates in the Pacific Ocean, and underestimates in Atlantic
Ocean

0 Evaluation and improvement of blocking dynamics simulation
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system

- same detection algorithm was applied to various blocking detection
methods (anomaly, local reversal, large-scale reversal, hybrid
method) using reanalysis data, and then largest difference of
blocking frequency was observed in the western North Pacific
region

o Study of the model characteristics and predictability of the extreme
event related to cold surge

- From the composite analysis of atmospheric circulation during
western Pacific blocking, absolute filed of geopotential height shows
cyclinic waviness, and its anomaly filed indicates High-over-Low

structure

(6) Deep Understanding of Cold Surge Generation and
Strengthening Mechanisms
o Analysis of blocking—cold surge generation mechanism(Isentropic
potential vorticity analysis)

- The western Pacific blocking that was onset on February 5, 2014
lasted for 23 days, when omega-shaped waves appeared in the
western Pacific and Kamchatka areas from the day before the
blocking onset, Cyclonic Rossby wave breaking were distinct at

work

o Diagnosis of 2017/18 boreal winters cold surge events

- The climate model predictions of the Korea Polar Research Institute
would be warmer than the reanalysis data, but predicted that in
December 2017, the east of the peninsula would be cold and the west
would be warm and January and February 2018 would be cold north
and warm south, Which was quite similar to the results of the

reanalysis data
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HEA BR 9AE 9% solns wyo

program block_index

! Written by Etienne Dunn-Sigouin
! July 28th, 2010

! NOTE: critical parameters are found in "qqg.h”

NOTE2: Anomalies and amplitude thresholds

SKSanomaly.F

! Rewritten by Seon-Hwa Kim

' Jan. 2018

#include "qqg.h”

#include "netcdf.inc”

c VARIABLES///////11////171177/11111/7771/ /771777117711

I Standard deviation level
real:: sigma=1.5

! Amplitude array (gpm)
integer, dimension(12)::A

! Duration (days)

integer:: D=5

| Spatial scale (million Km™2)
integer:: S=2.5%10%*6

! Overlap

real:: 0=0.5

! Mean zonal and Meridional scales (degrees)
integer:: dphi=15,dlambda=15

I Z500 gradient
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calculated

using



real:: sgrad=0

TEREREEEETERE et et e e e e e e e e e e e e e ey

I Z500-hPa

real, dimension(ix,il,maxdaylim):: z

! Z500-hPa anomaly

dimension:: anz(ix,il)

! Area represented by each grid point
dimension:: pixarea(ix,il)

! Min and Max labels for present and past day
integer, dimension(2,2):: nlabel

! Block label maps for current and past day
real, dimension(ix,il)::clabel,plabel

! Duration of each block by year

integer, dimension(lim,nyr):: dur

! Duration of each block by month & year
integer, dimension(12,lim,nyr)::mdur

! Onset date of each block by month & year
integer, dimension(lim,nyr)::onset

! Filename

integer:: fijnday,bebe_djf ber_djf

! Date tracking variables

integer:: iyear,imon,iday,m,yrtype,maxday

integer, dimension(12):: Imonth

integer:: maxlabel ! tracks the maximum label in ENTIRE (all times) label

array

c START ////117/777717717777717 777777707777 17171707 077777777777

! Calculating area array
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! (area covered by each grid point)

call areacalc(pixarea)

do f=11,11 ! file number

nlabel(1,1)=1
nlabel(2,1)=1
nlabel(1,2)=1
nlabel(2,2)=1

maxlabel=1

do i=1,12
A()=0
do j=1nyr
do nday=1,lim
dur(nday,j)=0
mdur(i,nday,j)=0
onset(nday,j)=0
enddo
enddo
enddo
do i1=1,ix
do j=1,iy
anz(i,j)=0
clabel(i,j)=0
plabel(i,j)=0
do nday=1maxdaylim
z(i,j,nday)=0
enddo
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enddo
enddo
lyear=nyear
1day=0
imon=1
m=1

TEREREERETE Rt e e e e e e e e e e e e e e e e e ey

' INPUT

' 2500

call readnetcdf(f maxday,yrtype,lmonth,z)
! Anomaly data

open(f form="unformatted’,access="direct’ recl=ix*il*4)
! Thresholds

open(f+20)

! Reading thresholds

do i=1,12

read(f+20,%) A(i)

A(i)=sigma*A(i)

print*,A(i)

enddo

close(f+20)

'OUTPUT
! Label data

open(f+60,form="unformatted’,access="direct’ recl=ix*il*4)

! Sk skok sk sk skoskosk sk skoskosk sk skoskosk skoskosk sk skoskosk sk skosk sk skoskosk sk skok sk skoskosk sk skokosk sk skosk sk skokosk skoskok sk skoskok skoskokosk skokokosk

! BLOCK TRACKING ALGORITHM

skoske sk sk sk skosie sk sk skeosi sk sk sk sk sk sk sk ok sioskosioskoi kot kol skokoskok sk
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: 1’
print*,
print*, 'File=',f

print*, 'Tracking anomalies...’

do nday=1maxday

call datetrack(lmonth,iday,imon,iyear,m,yrtype)

! Reading anomalies

read(f,rec=nday) ((anz(i,j),i=1,ix),j=1,il)

I Calculate anomalies >= (A)

call anomaly(anz,A(m))

I Assign unique labels to contiguous grid points
call ccl(anz,clabel nlabel,maxlabel)

! Remove anomalies with spatial scale < (S)

call spatialthreshold(clabel,nlabel,S,pixarea,maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

I Remove labels who do dont satisfy GHG criteria
call GHG(nlabel,clabel,z(:,: nday),anz,sgrad,

& dphi,dlambda,maxlabel)

! Assign same label to anomalies with >= (O)
call overlap(nday,O,clabel,plabel,nlabel, maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

! Record duration and onset date

call stat3(clabel,nlabel dur,onset,iyear,m,iday,nday)

! current max/min labels become past max/min labels

nlabel(1,2)=nlabel(1,1)
nlabel(2,2)=nlabel(2,1)
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! Tracking the maximum label in the ENTIRE label array

I So that the first label on a new day starts at the maximum+1

! label. This is so that each different block has a unique label.

! By block I mean uniquely labeled anomaly after overlap.F

if (sum(clabel).GT.0) then

if (maxval(clabel,mask=clabel. GT.0).GE.maxlabel) then
maxlabel=maxval(clabel,mask=clabel. GT.0)+1

endif

endif

do i=1,ix

do j=1,il
! Current label becomes past label
plabel(i,j)=clabel(i,j)

enddo

enddo

! Writing label to file each day
write(f+60,rec=nday) ((clabel(i,j),i=1,ix),j=1,il)
enddo

close(f+60) ! finished writing lables to file

close(f) ! close anomaly file

! Remove labels lasting <= (D) in label and distribution arrays

call durthresh(dur,onset,nlabel(2,1),D f yrtype lmonth,maxday)

! Sk ki sk sk skoskoskosk skoskosk sk skoskosk skoskokosk skoskosk sk skosk sk skoskosk sk skok sk skoskosk sk skoskosk sk sk sk skoskosk skoskokosk skoskok skoskokok skokok

! END BLOCK TRACKING ALGORITHM

>koske sk sk sk skosie sk sk sk skoskosioskosi sk sk siokoskokokokokoskokoskok ok
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print*, 'Number of anomalies satisfying (A),(S),(0) & GHG =’
+ ;nlabel(2,1)
print*, '"Total number of blocks = ’,count(mask=dur.GE.D)

print*, 'Finding distributions...’

! BLOCK CHARACTERISTIC DISTRIBUTIONS
sk sk s ok s ot sk kR sk ok sk Rk R R o

I SORT BY each label sk

! Total duration

call ddist(dur,onset,nlabel(2,1),fD,be)

! Winter duration [period : 39 yrs, >= D]

call wddist(Imonth,f maxday,yrtype,D,be,be_djf)

! date

call bdate(Imonth,f,maxday,yrtype,be)

! Winter date [period : 39 yrs, >= D]

call whdate(Imonth,f,maxday,yrtype,be_djf)

I SORT BY lat-lon grid sssssssksssssksskskokok

I season-mean frequency [period : 39 yrs]

call sfdist(Imonth,f,maxday,yrtype)

! monthly-mean, annual frequency

call mfdist(Imonth,f maxday,yrtype)

print*, 'DONE’

1’

print*,

enddo ! File number end

end program block_index
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program block_index

! Rewritten by Seon-Hwa Kim

! Jan. 2018

#include "qq.h”

#include "netcdf.inc”

c VARIABLES//////1/1///11/1111/11777/117/7 77177717777/

I Standard deviation level
real:: sigma=1.5

! Amplitude array (gpm)
integer, dimension(12)::A

! Duration (days)

integer:: D=5

! Spatial scale (million Km"™2)
integer:: S=2.5%10%*6

! Overlap

real:: O=0.5

! Mean zonal and Meridional scales (degrees)

integer:: dphi=15,dlambda=15
I 7500 gradient
real:: sgrad=0

TERRREEEETERE et e et e e e e e e e e e e e e ey

! Z500-hPa
real, dimension(ix,ilmaxdaylim):: z

! Z500-hPa anomaly
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dimension:: anz(ix,il)

! Area represented by each grid point
dimension:: pixarea(ix,il)

! Min and Max labels for present and past day
integer, dimension(2,2):: nlabel

! Block label maps for current and past day
real, dimension(ix,il)::clabel,plabel

! Duration of each block by year

integer, dimension(lim,nyr):: dur

! Duration of each block by month & year
integer, dimension(12,lim,nyr)::mdur

! Onset date of each block by month & year
integer, dimension(lim,nyr)::onset

! Filename

integer:: fi,j,nday,bebe_djf ber_djf

! Date tracking variables

integer:: iyear,imon,iday,m,yrtype,maxday

integer, dimension(12):: Imonth

integer:: maxlabel ! tracks the maximum label in ENTIRE (all times) label

array

c START ////1177777717717777777 777777707777 17171707 077777777777

! Calculating area array
I (area covered by each grid point)

call areacalc(pixarea)

do f=11,11 ! file number
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nlabel(1,1)=1
nlabel(2,1)=1
nlabel(1,2)=1
nlabel(2,2)=1

maxlabel=1

do i=1,12
A(1)=0
do j=1nyr
do nday=1lim
dur(nday,j)=0
mdur(i,nday,j)=0
onset(nday,j)=0
enddo
enddo
enddo
do i=1,ix
do j=1,1y
anz(i,j)=0
clabel(i,j)=0
plabel(i,j)=0
do nday=1,maxdaylim
z(i,j,nday)=0
enddo
enddo
enddo
lyear=nyear

iday=0
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imon=1
m=1

TEREREEEETET et e e e e e e e e e e e e e e e ey

' INPUT

I' 2500

call readnetcdf(f maxday,yrtype,lmonth,z)
! Anomaly data
open(f,form="unformatted’,access="direct’ recl=ix*il*4)
! Thresholds

open(f+20)

! Reading thresholds

do i=1,12

read(f+20,%) A(1)

A(i)=sigma*AQ)

print= A1)

enddo

close(f+20)

'OUTPUT
! Label data

open(f+60,form="unformatted’,access="direct’ recl=ix*il*4)

! BLOCK TRACKING ALGORITHM

skoskeosie sk sk sk skt skosieoskosieosioskeosi skt skt skostkoskoskokoskoioskoi ko skolkoskokokok sk

! Seosie sosteosieosk sk sieosie skt skosie skosie skt seosieosiosk sk sk sk skosie skosie skt skt skosieosiosieosi skt skt skt skt siostosioskosioskoioskoioskotoskolkoskokoskokoskokok

r’

print,
print*, 'File=' f

print*, 'Tracking anomalies...’
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do nday=1maxday

call datetrack(lmonth,iday,imon,iyear,m,yrtype)

I Reading anomalies

read(frec=nday) ((anz(i,j),i=1,ix),j=1,il)

! Calculate anomalies >= (A)

call anomaly(anz,A(m))

I Assign unique labels to contiguous grid points
call ccl(anz,clabel,nlabel,maxlabel)

! Remove anomalies with spatial scale < (S)

call spatialthreshold(clabel,nlabel,S,pixarea,maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

! Remove labels who do dont satisfy GHG criteria
lcall GHG(nlabel,clabel,z(:,: nday),anz,sgrad,

1& dphi,dlambda,maxlabel)

! Assign same label to anomalies with >= (O)
call overlap(nday,O,clabel,plabel,nlabel,maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

! Record duration and onset date

call stat3(clabel,nlabel,dur,onset,iyear,m,iday,nday)

! current max/min labels become past max/min labels
nlabel(1,2)=nlabel(1,1)
nlabel(2,2)=nlabel(2,1)

I Tracking the maximum label in the ENTIRE label array
! So that the first label on a new day starts at the maximum-+1
I label. This is so that each different block has a unique label.

! By block I mean uniquely labeled anomaly after overlap.F
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if (sum(clabel).GT.0) then

if (maxval(clabel,mask=clabel. GT.0).GE.maxlabel) then
maxlabel=maxval(clabel,mask=clabel. GT.0)+1

endif

endif

do i=1,ix

do j=1,i
! Current label becomes past label
plabel(i,j)=clabel(i,j)

enddo

enddo

! Writing label to file each day

write(f+60,rec=nday) ((clabel(i,j),i=1,ix),j=1,il)

enddo

close(f+60) ! finished writing lables to file

close(f) ! close anomaly file

! Remove labels lasting <= (D) in label and distribution arrays

call durthresh(dur,onset,nlabel(2,1),D,f yrtype lImonth,maxday)

! Skeoste skoskosioskeoskoskosie skt skosie skt skt skoskeoskosk sk sk skosie skt skt skosieosioskeosioskoi skt skt skostioskostokosioioskoi skokoskokoskokokokokokokoskok sk

! END BLOCK TRACKING ALGORITHM

>k sk sk skoskosk sk sk sk sk skosk sk sk sk sk skosk sk skokosk skoskok skoskokok skokokosk

! st sfeoske sie sk sk sk skosie shosie sk skoske skoske sk sk sk skosie sk s st skosiosiosko st sk skt skt siosiosioskosioskosioskoioskot skokoskokokokokokokoskok sk

print*, 'Number of anomalies satisfying (A),(S),(0) & GHG =’

— 60 —



+ ;nlabel(2,1)

print*, '"Total number of blocks = ’,count(mask=dur.GE.D)

print*, 'Finding distributions...’

! BLOCK CHARACTERISTIC

sk stk s otk s ok s sk sl sk R s R Sk
I SORT BY each label sk

! Total duration

call ddist(dur,onset,nlabel(2,1),f,D,be)

! Winter duration [period : 39 yrs, >= D]

call wddist(Imonth,f maxday,yrtype,D,be,be_djf)
! date

call bdate(Imonth,f,maxday,yrtype,be)

! Winter date [period : 39 yrs, >= D]

call whdate(Imonth,f maxday,yrtype,be_d;jf)

| SORT BY lat-lon grid sk

! season-mean frequency [period : 39 yrs]
call sfdist(Imonth,fmaxday,yrtype)

! monthly-mean, annual frequency

call mfdist(Imonth,f,maxday,yrtype)

print*, 'DONE’

rr

print*,

enddo ! File number end

end program block_index
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program block_index

! Rewritten by Seon-Hwa Kim

! Jan. 2018

#include "qq.h”

#include "netcdf.inc”

c VARIABLES//////1/1///11711111/1177//117/7 77177717777/

I Standard deviation level
real:: sigma=1.5

! Amplitude array (gpm)
integer, dimension(12)::A

! Duration (days)

integer:: D=5

! Spatial scale (million Km"™2)
integer:: S=2.5%10%*6

! Overlap

real:: 0=0.5

! Mean zonal and Meridional scales (degrees)
integer:: dphi=15,dlambda=15

I 7500 gradient

real:: sgrad=0, ngrad=-10

I referece latitude

real:: reflat=50

TEREREEEETERE Rt e e e e e e e e e e e e e e e e e e ey

I Z500-hPa
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real, dimension(ix,ilmaxdaylim):: z

! zonally-averaged MG Index

real, dimension(ix,il):: meanMGI,MGI

! Area represented by each grid point
dimension:: pixarea(ix,il)

! Min and Max labels for present and past day
integer, dimension(2,2):: nlabel

! Block label maps for current and past day
real, dimension(ix,il)::clabel,plabel

! Duration of each block by year

integer, dimension(lim,nyr):: dur

! Duration of each block by month & year
integer, dimension(12,lim,nyr)::mdur

! Onset date of each block by month & year
integer, dimension(lim,nyr)::onset

I Filename

integer:: f1jnday,bebe_djf ber_djf

! Date tracking variables

integer:: iyear,imon,iday,m,yrtype,maxday

integer, dimension(12):: Imonth

integer:: maxlabel ! tracks the maximum label in ENTIRE (all times) label

array

c START ////117/777717717777717 777777707777 17171707 077771777777

! Calculating area array

! (area covered by each grid point)

call areacalc(pixarea)
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do f=11,11 ! file number

nlabel(1,1)=1
nlabel(2,1)=1
nlabel(1,2)=1
nlabel(2,2)=1

maxlabel=1

do i=1,12
A(1)=0
do j=1nyr
do nday=1,lim
dur(nday,j)=0
mdur(i,nday,j)=0
onset(nday,j)=0
enddo
enddo
enddo
do 1=1,ix
do j=1,1y
meanMGI(i,j)=0
MGI(,j)=0
clabel(i,j)=0
plabel(i,j)=0
do nday=1,maxdaylim
z(i,j,nday)=0
enddo
enddo
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enddo
lyear=nyear
iday=0
imon=1

m=1

PEERERTEETE TR T e e et e e e e e

' INPUT
I 2500

call readnetcdf(f maxday,yrtype,lmonth,z)

'OUTPUT

! Label data

open(f+50,form="unformatted’,access="direct’ recl=ixx*il*4)

open(f+51,form="unformatted’,access="direct’ recl=ixx*il*4)

open(f+60,form="unformatted’,access='direct’ recl=ix*il*4)

! Sksiosk sk skoskosk skoskokoskoskoskoskosk sk sk skoskoskoskoskoskosi sk ks sk ik skosk sk sk skoskoskosioskokoskoskoskoskosioskokokoskoskoioskokokokoskokokoskoskokor sk

! BLOCK TRACKING ALGORITHM
skeoskeoste sk stk st skeoskoske sk sk st skeoskostke sk skokeosteoskoskostkoskosiokosteoskokokoskokokokoskoskokeskok

! Sk sk sk s sk sk sk sk sk sk skosie sk sk sk skosk skosk sk sk sk sk sk stk stk skosk sk skosie skostk sk siosk sioskoskoskosioskosioskoskoskok siok skok skokok

print*, "’
print*, 'File=',f

print*, "Tracking anomalies...’

do nday=1maxday

call datetrack(lmonth,iday,imon,iyear,m,yrtype)

I GHG reversal

call reversal(meanMGIMGLz(:,: nday),
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reflat,ngrad,sgrad,dphi,dlambda)
I Assign unique labels to contiguous grid points
call ccl(meanMGI, clabel,nlabel, maxlabel)
I Remove anomalies with spatial scale < (S)
call spatialthreshold(clabel,nlabel,S,pixarea,maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)
! Assign same label to anomalies with >= (O)
call overlap(nday,O,clabel,plabel,nlabel,maxlabel)
Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)
! Record duration and onset date

call stat3(clabel,nlabel dur,onset,iyear,m,iday,nday)

! current max/min labels become past max/min labels
nlabel(1,2)=nlabel(1,1)
nlabel(2,2)=nlabel(2,1)

I Tracking the maximum label in the ENTIRE label array

I So that the first label on a new day starts at the maximum-+1

I label. This 1s so that each different block has a unique label.

! By block I mean uniquely labeled anomaly after overlap.F

if (sum(clabel).GT.0) then

if (maxval(clabel,mask=clabel.GT.0).GE.maxlabel) then
maxlabel=maxval(clabel,mask=clabel. GT.0)+1

endif

endif

do i=1,ix
do j=1,il
! Current label becomes past label

plabel(i,j)=clabel(i,j)
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enddo
enddo

! Writing label to file each day
write(f+50,rec=nday) ((meanMGI(i,j),i=1,ix),j=1,il)
write(f+51,rec=nday) ((MGI@,j),i=1,ix),j=1,il)
write(f+60,rec=nday) ((clabel(i,j),i=1,ix),j=1,il)

enddo

close(f+60) ! finished writing lables to file
close(f+51)
close(f+50)

close(f) ! close anomaly file

! Remove labels lasting <= (D) in label and distribution arrays

call durthresh(dur,onset,nlabel(2,1),D,f yrtype lmonth,maxday)

! skoste skoskoskoskoskoskosie sk skosie sk skt skoskeoskosk sk skosi sk skt skt skosieosioskeosioskoi skt skt skostioskosiosiosioioskoi skokoskokoskokokokokoskokoskok sk

! END BLOCK TRACKING ALGORITHM

Skeskosk sk skeoske skosk sk skeoske skosk sk skeoske sk sk sk skosk sk sk sk sk skosk sk skosk skok

! sk sk skosk sk skosk sk sk skosk sk skoskosk sk skosk sk skeoskosk sk skosk sk skoskosk sk skosk sk skoskosk sk sk skeskoskoskoskoskoskoskoskoskoskoskoskoskoskeskoskoskoskeskosk sk skoskosk
print*, 'Number of anomalies satisfying (A),(S),(0) & GHG =’

+ ;nlabel(2,1)

print*, "Total number of blocks = ’,count(mask=dur.GE.D)

print*, 'Finding distributions...’
! BLOCK CHARACTERISTIC DISTRIBUTIONS

skoske sk skosie skosie sk sk sk skoskosioskokoskok skokoskokoskokoskok ok

I SORT BY each label ssksisioosksokskoskskosiskor skosiok sk
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! Total duration

call ddist(dur,onset,nlabel(2,1),fD,be)

! Winter duration [period : 39 yrs, >= D]
call wddist(Imonth,f maxday,yrtype,D,be,be_djf)
! date

call bdate(Imonth,f, maxday,yrtype,be)

! Winter date [period : 39 yrs, >= D]

call whdate(Imonth,f,maxday,yrtype,be_d;jf)

I SORT BY lat—lon grid sckssckstsssokssskorssk
I season-mean frequency [period : 39 yrs]
call sfdist(Imonth,f maxday,yrtype)

! monthly-mean, annual frequency

call mfdist(lImonth,f,maxday,yrtype)

print*, 'DONE’

rr

print*,

enddo ! File number end

end program block_index
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program block_index
! Rewritten by Seon-Hwa Kim

! Jan. 2018

#include "qqg.h”

#include "netcdf.inc”

c VARIABLES///////////////111//11111777/7///7177/177717

! Standard deviation level
real:: sigma=1.5

! Amplitude array (gpm)
integer, dimension(12)::A

I Duration (days)

integer:: D=5

! Spatial scale (million Km®2)
integer:: S=2.5%10%*6

! Overlap

real:: 0=05

! Mean zonal and Meridional scales (degrees)
integer:: dphi=15,dlambda=15

I Z500 gradient

real:: sgrad=0

I referece latitude

real:: reflat=50

TEREREEEETERE e e e e e e e e e e e e e e e e ey

' Z500-hPa

real, dimension(ix,il,maxdaylim):: z
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! Central latitude

real, dimension(ix,nmon):: cenlat

! zonally-averaged MG Index

real, dimension(ix,il):: meanMGI,MGI

! Area represented by each grid point
dimension:: pixarea(ix,il)

! Min and Max labels for present and past day
integer, dimension(2,2):: nlabel

! Block label maps for current and past day
real, dimension(ix,il)::clabel,plabel

! Duration of each block by year

integer, dimension(lim,nyr):: dur

! Duration of each block by month & year
integer, dimension(12lim,nyr)::mdur

! Onset date of each block by month & year
integer, dimension(lim,nyr)::onset

! Filename

integer:: f1jnday,bebe_djf ber_djf

! Date tracking variables

integer:: iyear,imon,iday,m,yrtype,maxday

integer, dimension(12):: Imonth

integer:: maxlabel ! tracks the maximum label in ENTIRE (all times) label

array

START /////1711/1711717700777707777 0777170077777 1770 77777777

! Calculating area array

! (area covered by each grid point)

call areacalc(pixarea)
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do f=11,11 ! file number

nlabel(1,1)=1
nlabel(2,1)=1
nlabel(1,2)=1
nlabel(2,2)=1

maxlabel=1

do i=1,12
A(1)=0
do j=1nyr
do nday=1,lim
dur(nday,j)=0
mdur(i,nday,j)=0
onset(nday,j)=0
enddo
enddo
enddo
do i=1,ix
do j=1,iy
meanMGI(i,j)=0
MGI(,j)=0
clabel(i,j)=0
plabel(i,j)=0
do nday=1maxdaylim
z(i,j,nday)=0
enddo
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enddo
enddo
lyear=nyear
1day=0
imon=1
m=1

TEREREERETE Rt e e e e e e e e e e e e e e e e e ey

' INPUT

' Z500

call readnetcdf(f maxday,yrtype,lmonth,z)

I Central latitude
open(f+20,form="unformatted’,access="'direct’ recl=ix*nmon=4)

read(f+20,rec=1) ((cenlat(i,j),i=1,ix),j=1,nmon)

'OUTPUT

! Label data

open(f+50,form="unformatted’ ,access="direct’ recl=ix*il*4)

open(f+51,form="unformatted’,access='direct’ recl=ix*il*4)

open(f+60,form="unformatted’,access="direct’ recl=ix*il*4)

! Sk sk sk sk skeoskeoskeskeoskeoskeoskeskeoskeoskeskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeoskeosieosieosieosieoskeoskoskoskioskoskosioiokokokokokokokokokokokokokokoskok

! BLOCK TRACKING ALGORITHM
sk skeoste sk stk sk skeosteoste sk stk st skeosteoste sk skeoskeoste skeoskosteoskoskokosteoskoskotoskoskokokokoskokeosk sk

! sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeske sk sk sk sk sk sk skeoskeoskeoskeoske sk skttt sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk
. I’

print*,

print*, 'File='f

print*, 'Tracking anomalies...’

do nday=1,maxday
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call datetrack(lmonth,iday,imon,iyear,m,yrtype)

Iprint* nday,maxval(cenlat(:,nday),mask=cenlat(:,nday).GT.0)

I GHG reversal

call reversal(meanMGI,MGI,z(:,: nday),
cenlat(:,imon),sgrad,dphi,dlambda)

I Assign unique labels to contiguous grid points

call ccl(meanMGI, clabel,nlabel, maxlabel)

! Remove anomalies with spatial scale < (S)

call spatialthreshold(clabel,nlabel,S,pixarea,maxlabel)

Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

! Assign same label to anomalies with >= (O)

call overlap(nday,O,clabel plabel,nlabel, maxlabel)

Iprint* nday,maxlabel,nlabel(1,1),nlabel(2,1)

! Record duration and onset date

call stat3(clabel,nlabel dur,onset,iyear,m,iday,nday)

! current max/min labels become past max/min labels
nlabel(1,2)=nlabel(1,1)
nlabel(2,2)=nlabel(2,1)

I Tracking the maximum label in the ENTIRE label array

! So that the first label on a new day starts at the maximum-+1

I label. This i1s so that each different block has a unique label.

! By block I mean uniquely labeled anomaly after overlap.F

if (sum(clabel).GT.0) then

if (maxval(clabel,mask=clabel. GT.0).GE.maxlabel) then
maxlabel=maxval(clabel,mask=clabel. GT.0)+1

endif

endif

_73_



do i=1,ix

do j=1,l
! Current label becomes past label
plabel(i,j)=clabel(i,j)

enddo

enddo

! Writing label to file each day
write(f+50,rec=nday) ((meanMGI(i,j),i=1,ix),j=1,i1)
write(f+51,rec=nday) ((MGI@,j),i=1,ix),j=1,il)
write(f+60,rec=nday) ((clabel(i,j),i=1,ix),j=1,il)

enddo

close(f+60) ! finished writing lables to file
close(f+51)

close(f+50)

close(f+20) I close cenlat file

! Remove labels lasting <= (D) in label and distribution arrays

call durthresh(dur,onset,nlabel(2,1),D f yrtype lmonth,maxday)

! sk s sk s sk sk sk sk sk skeosie sk sk sk sk sk sk skosi sk sk sk stk skosk sk sk i sk sk sk sioskosiosko sk skoioskok siokosiokoskokoskokokoskokosk

! END BLOCK TRACKING ALGORITHM

skoskeosieosk sk skosie sk sk skosiosioskeoskoskoioskoi skotoskotkokokokokokokor ok skok

! Sk sk sk sk skoskosk sk skoskosk sk skosk sk skoskokosk skoskosk sk skosk sk skoskosk sk skok sk skoskosk sk skoskosk sk skok sk skoskosk skoskokosk sk ko skoskokok skokok

print*, 'Number of anomalies satisfying (A),(S),(0) & GHG =’
+ .nlabel(2,1)
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print*, '"Total number of blocks = ’,count(mask=dur.GE.D)

print*, 'Finding distributions...’

! BLOCK CHARACTERISTIC

sk sk st skeoske sk skosk sk skeoskosk sk skosk sk sk oskoskoskoskoskosk skeskokoskskoskosk

! SORT BY each label stk

! Total duration

call ddist(dur,onset,nlabel(2,1),f,D,be)

! Winter duration [period : 39 yrs, >= D]
call wddist(Imonth,f,maxday,yrtype,D,be,be_djf)
! date

call bdate(Imonth,f,maxday,yrtype,be)

! Winter date [period : 39 yrs, >= D]

call whdate(Imonth,f,maxday,yrtype,be_d;jf)

I SORT BY lat-lon grid sk
I season-mean frequency [period : 39 yrs]
call sfdist(Imonth,fmaxday,yrtype)

! monthly-mean, annual frequency

call mfdist(Imonth,f maxday,yrtype)

print*, 'DONE’

rr

print*,

enddo ! File number end

end program block_index
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subroutine reversal(meanMGIMGI, z reflat,ngrad,sgrad,dphi,dlambda)

#include "qq.h”
! seonhwal2@Xkopri.re kr
! This subroutine computes meridional gradient reversals

! from grid point-based (TM type) field inversions.

! Zonal and meridional scales
integer:: dphi,dlambda

I 7500 gradient criteria

real:: ngrad,sgrad

! Reference latitude

real:: reflat

! Zonal index

real, dimension(ix,il):: z,MGI,meanMGI
! Gradient

real:: GHGN,GHGS

! Periodic boundary function

integer, external:: pbhdry
integer:: ¢, maxlabel
integer:: hj lj li,ri,jref jhref ii,i,]
MGI=0.
meanMGI=0.

jref=nint((reflat+90)/latres) 156 (fixed)
ljhref=jref+((3*dphi)/(2+latres)) 165 (fixed)
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jhref=il-nint(dphi/latres) 167

lprint*, jref = ' jref jhref

do 1=1,ix
do j=jref jhref
hj=j+nint(dphi/latres)
1j=j —nint(dphi/latres)

! local meridional gradient

I from two—grid points

GHGN=0.

GHGS=0.

GHGN= ( z(pbdry(i),hj)—z(pbdry(i),j) ) /
& nint(dphi/latres)

GHGS= ( z(pbdry(i),j) —z(pbdry(i),]j)) /
& nint(dphi/latres)

I Block

if( (GHGN .le.ngrad).and.(GHGS.ge.sgrad) ) then
MGI(,))=GHGS

! non—-Block

else
MGI(,j)=0.

endif

meanMGI=MGI
'print+,i,j,hj,lj |,GHGN,GHGS,MGI(,j) !;meanMGI(,j)
enddo

enddo
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return

end subroutine reversal

integer function pbdry(i)

#include "qq.h”

! maintains periodicity of longitudinal values

integer:: 1

integer:: dummy

if (.GT.ix) then
dummy = i-i1x-1
pbdry=1+dummy
elseif (.LT.1) then
dummy = i-1+1
pbdry=ix+dummy
else

phdry=1

endif

end function pbdry
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subroutine reversal(meanMGI,MGI,z cenlat,sgrad,dphi,dlambda)

#include "qq.h”
! seonhwal2@Kkopri.re.kr
! This subroutine computes meridional gradient reversals

! from averaged (PH type) field inversions.

! Zonal and meridional scales
integer:: dphi,dlambda

I Z500 gradient criteria

real:: sgrad

! Reference latitude

Ireal:: reflat

I Central latitude

real, dimension(ix):: cenlat

! Zonal index

real, dimension(ix,il):: z,MGI,meanMGI
! Dummy Variables

real:: HZLZ

! Periodic boundary function

integer, external:: pbdry

integer:: ¢, maxlabel

integer:: hj,lj lirijref jhref,i]

do 1=1,1x

I jref=nint((cenlat(i)+90.)/latres) ! Northern Hemisphere
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! jhref=jref+((3*dphi)/(2+latres))
I if(jhref.gt.il-nint(dphi/latres)) jhref=il-nint(dphi/latres)
! print* icenlat(i) jref jhref il

lend do

MGI=0.
meanMGI=0.

do 1=1,ix

jref =nint((cenlat(i)+90.)/latres) ! Northern Hemisphere
jhref=jref+((3*dphi)/(2*latres))
if(jhref.gt.il-nint(dphi/latres)) jhref=il-nint(dphi/latres)

do j=jref jhref
hj=j+nint(dphi/latres)

1j=j—nint(dphi/latres)

I large-scale meridional gradient

I from averaged-fields

HZ=0.

LZ=0.

HZ=sum(z(phdry(i),j:hj))
LZ=sum(z(pbdry (i),1j:j))

MGI(,j)= (HZ-LZ) / nint(dphi/latres)

if (MGI(,j).LT.sgrad) MGI(,j)=0

meanMGI=MGI

lprint*,i,j,meanMGI(,j)
enddo
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enddo

return

end subroutine reversal

integer function pbdry(i)

#include "qq.h”

! maintains periodicity of longitudinal values

integer:: 1

integer:: dummy

if (.GT.ix) then
dummy = i-i1x-1
pbdry=1+dummy
elseif (.LT.1) then
dummy = i-1+1
pbdry=ix+dummy
else

phdry=1

endif

end function pbdry
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; Date :© 20170711

; seonhwal2@Xkopri.re kr

begin

load ”./my_functions.ncl”

indir = "/data/shkim/ncep/hgt/day/code_TM/1950-1989/”
infile_name = indir+"ncep.z500.day.19500101.19891231.nc”

var_name = (/"hgt"/)

odir ="/

ofile_name = odir+"filter.bin”

slat = 30.0

elat = 90.0

slon = 00

elon = 360.0

stime = 19500115 ; specify a start date

etime = 19500118

dayskip = 5 ; frequency of plotting

plottype = "png” ; send graphics to PNG file

plotname = "bfband”
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,_ filter

ihp =1 ; low_pass = 0 ; high-pass = 1 ; band-pass = 2
nwgt =11 ; must be odd # ; loose 11 days each end

ca =5 ; b days

cb = -999

fca = 1.0/ca

fcb =cb

infile = addfile(infile_name,’t”) ; bring infile
lat = infile->lat

lon = infile->lon

lev = infile->level

nlat = dimsizes(lat)

nlon = dimsizes(lon)

nlev = dimsizes(lev)

var = short2flt(infile->$var_name$(:,0,:,:)) ;

var@_FillValue= -999

dimvar = dimsizes(var)
ndimvar = dimsizes(dimvar)
time = infile->time
ntim = dimsizes(time)
;print(dimvar)
;print(ndimvar)
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;  printMinMax(var(:,:,:,:),0)
;  debug_plot(var(0,0,:,:),100)
;  debug_tm_series(var(:,0,50,60))

; calendar

date = cd_calendar(time,0)
year = tointeger(date(:,0))
month = tointeger(date(:,1))

;month_abbr - (/NH’!/Jan//’//Feb//’//Mar/!,/!Apr//’NMayN’NJunN,//Jul//’/!Aug//,//SepN, \
; HOCtN’NNOVH,//Decﬁ/)

;day = tointeger(date(:,2))

;nday = (/31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31/)
;abc = sprinti("%0.21 ", day) + sprinti("%60.2i",;month) + \
; month_abbr(month) + ” " + sprinti(”%0.4i", year)
svvyyymmdd = cd_calendar(time,~2)

;yrirac = yyyymmdd_to_yyyyfrac (yyyymmdd, 0)

;delete( [/yrfrac@long_name/] )

;ind_stime = ind(yyyymmdd.eq.stime) ; user specified dates

pi = 4.0 * atan(1.0)
rad = (pi / 180.0)
coslat = cos(lat * rad) ; cosine of latitude
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do j = 0, nlat-1
var(:j,)) = var(.j,:) * coslat(j)

end do

sigma = 1.0 ; Lanczos sigma 1 is common
opt =0 ; end-point opt 0 is common
dm =0 ; on the time-dimension

wgt = filwgts_lanczos (nwgt, ihp, fca, fcb, sigma )

dat = wgt_runave_n_Wrap(var, wgt, opt, dim) ; filtered file

,__writing file
system(”/bin/rm -f "+ofile_name)
do it = 0, ntim-1
fhindirwrite(ofile_name,dat(it,:,:))

end do

; Variance = (deviation)**2

do it = ca, ntim-ca-1
dat(it,:,:)=dat(it,:,:) *dat(it,:,:)

;print(it = "+it)
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end do

; End of time series points
doit =0, ca-1
dat(it,:,:)=dat(ca,:,’)
;print("it = "+it+” "+ca)

end do

do it = ntim—ca, ntim-1
dat(it,:,:)=dat(ntim-ca—-1,:,:)
;print("it = "+it+” "+(ntim-ca-1))

end do

,__ writing file
system(”/bin/rm -f ./variance.bin”)
do it = 0, ntim-1
fhindirwrite(”./variance.bin” dat(it,:,:))

end do

’

dat_smthl = smth9_Wrap(dat, 0.5, -0.25, True) ; light smoothing
dat_smthO = smth9_Wrap(dat, 0.5, 0, True) ; 5-point smoothing
dat_smthh = smth9_Wrap(dat, 0.5, 0.25, True) ; heavy smoothing

; writing file
system(”/bin/rm -f ./smth.heavy.bin”)
do it = 0, ntim-1
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’

’

)

fhindirwrite(ofile_name,dat(it,:,:))

fhindirwrite(”./smth.light.bin” dat_smthl(it,:,:))

fhindirwrite(”./smth.zero.bin” ,dat_smthO(it,:,:))

fhindirwrite(”./smth.heavy.bin”,dat_smthh(it,:,:))

end do

dat2 = dat_smthh(: {slat:elat},:) ; specific area
lat2 = dat2&lat
nlat2 = dimsizes(lat2)

dat2_maxlat = dim_max_n_Wrap(dat2,1)

out

= datZ2_maxlat

do it = 0, ntim-1

do 1

= 0, nlon-1
do j = 0, nlat2-1
if( dat2(it,j,i).eq.dat2_maxlat(it,i) ) then
reallat = lat2(j)
out(it,i) = reallat
; print(it+” "+j+"  "+i+"  "+out(it,i))
end if
end do

end do

end do
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,____writing file
; system(”/bin/rm —f ./out.bin”)

;  fhindirwrite(”./out.bin” out(:,:))

out_mon = calculate_monthly_values (out, "avg”, 0, False)

fhindirwrite(”./out.mon.bin” ,out_mon(:,:))

printVarSummary (dat2_maxlat)
printVarSummary (out)

printVarSummary (out_mon)

end
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